Despite Japanese cucumber nutritional and commercial importance, few studies have been carried out with the nitrogen (N) fertilization of the crop, especially in greenhouse conditions. This study objective was to evaluate the Japanese cucumber yield and nitrate (NO 3 -) accumulation in the fruits in greenhouse as a function of the N sources and doses at Viçosa, Minas Gerais State, Brazil. The experiment was set in a randomized complete block design, arranged in a 2 × 5 factorial scheme, with two N sources (ammonium sulphate and ammonium nitrate) and five N doses (0; 75; 150; 300 and 600 kg ha -1 ), with four replicates. The number of fruits per plant, average fruit mass, fruits yield and NO 3 -accumulation in the fruits were evaluated. The maximum economic efficiency N doses for two N sources used was calculated according to the prices of the fertilizers and Japanese cucumber fruits practiced in 2010. There were no significant effects of N sources and of the interaction between N sources and N doses for the productive characteristics (number of fruits per plant, average fruit mass and fruits yield) of the Japanese cucumber. However, all the productive characteristics of the Japanese cucumber increased following a quadratic model as a function of the N doses. The maximum economic efficiency N doses for the fruits yield of Japanese cucumber were 398 kg ha -1 and 386 kg ha -1
Introduction
In Brazil, cucumber (Cucumis sativus L.) is intensively cultivated in greenhouse, especially the Japanese type cultivars. The use of this cultivation system has resulted in great benefits, especially for small and medium farmers, such as increased of fruits yield and quality, reduction of seasonality of production and a significant increase in profitability (Santi et al., 2013; Pôrto et al., 2014a) .
Currently, there is a growing demand for information on the use of correctives and fertilizers for vegetables grown in greenhouse, especially concerning the definition of doses and forms of application of these materials. Information concerning the nutrient uptake and fertilization of Japanese cucumber grown in greenhouse is very scarce in the literature. It should be considered that the loss of nutrients by leaching and/or volatilization is lower than in open field cultivation and that the cultivars used are more productive, responding to higher amounts of nutrients (Blanco, 2006) . Nitrogen (N) is one of the nutrients most required and uptaken by plants, being the N fertilization of great importance to vegetables yield (Filgueira, 2008) . N is a nutrient that influences the processes involved in plant growth and development, altering the source/drain relationship and, consequently, the distribution of assimilates between vegetative and reproductive organs. In cucurbits, the increase of the N dose, up to a certain limit, results in increase in the leaf area of the plant; therefore, exerts influence on the production of photoassimilates and, consequently, on fruits yield (Queiroga et al., 2007) .
The appropriate N dose is variable according to several factors, including the expected yield, cultivar, management practices and soil and climate conditions (Pôrto et al., 2012b) . Another aspect that should be considered in the management of N fertilization to crops is related to N source used, because it influences the uptake and metabolism of N by plants, there is a need to determine the best N source as a function of the plant species and the quality of the product to be used in the human consumption (Silva et al., 2017) . The N source used plays an important role in regulating N transformations, changing N loss patterns and influencing N use efficiency by plants (Abbasi et al., 2013) . In general, the N fertilizer sources have one of the following N forms: amide (CO(NH 2 ) 2 ), ammonium (NH 4 + ) and nitrate (NO 3 -), being the N-amide and N-ammoniacal sources the most used in agricultural crops in the world (Silva et al., 2017) . NO 3 -is the main form of N uptaken by plants, but they can also uptake this nutrient in the form of NH 4 + or both. The most crops grow best with a mixture of NO 3 -and NH 4 + sources, although many studies present inconsistent responses (Abbasi et al., 2013; Silva et al., 2017) . Currently, information on the use of N sources and the definition of adequate N dose for the Japanese cucumber cultivated in greenhouses are very scarce in the literature for the Brazilian conditions, being this definition of extreme importance to contribute to a better exploitation of the productive potential of the crop in this cultivation system. Despite the importance of N fertilization for the vegetables yield, this practice is currently a controversial issue, because when applied in excess can result in the reduction of nutritional quality and security due to the NO 3 -accumulation (Pôrto et al., 2012b (Pôrto et al., , 2014b . NO 3 -when ingested in large amounts by humans can cause serious health consequences, such as formation of nitrosamines, a potentially carcinogenic substance, as well as methemoglobinemia or blue blood that reduces the oxygen transportation in the blood (Santamaria, 2006; Pôrto et al., 2012a; Silva et al., 2017) .
Some studies show that vegetables correspond to the food group that contributes most to the intake of NO 3 -by humans, being responsible for about 72 and 94% of the daily intake (Pôrto et al., 2012b) . In general, leafy vegetables such as lettuce, spinach, cabbage, arugula, among others, have tendency to accumulate high NO 3 -concentration in their leaves (Pôrto et al., 2008; Ohse et al., 2012) , existing a great interest in monitoring the NO 3 -concentration in these plants. Flower and fruit vegetables, such as cauliflower, tomato, squash, zucchini, usually show less tendency to NO 3 -accumulation (Santamaria, 2006; Pôrto et al., 2014b , Silva et al., 2017 . Concerning Japanese cucumber crop, information on the NO 3 -accumulation in the fruits, as well the influence of N sources and doses on this accumulation, is very scarce in the literature, especially in greenhouse conditions. This study objective was to evaluate the Japanese cucumber yield and NO 3 -accumulation in the fruits in greenhouse as a function of N sources and doses.
Method

Location and Experimental Area
The experiment was carried out at the horticulture experimental field of the Departmento de Fitotecnia (DFT) at Universidade Federal de Viçosa (UFV), in Viçosa, Minas Gerais State, Brazil, from September to December 2010.
The municipality of Viçosa presents the following geographic coordinates 20°45′ S and 42°51′ W, and approximately 651 m of altitude. The climate of the region, according to the Köppen-Geiger classification, is the Cwa (humid subtropical climate), with wet summers and dry winters, with an average annual precipitation of 1,340 mm and average relative humidity of 80%. The average maximum and minimum temperatures are 22.1 °C and 15.0 °C (Santos et al., 2011) .
The soil used in Japabese cucumber cultivation was classified as Cambic Red-Yellow Argisol (EMBRAPA, 2013) , collected in native forest remnant area. The chemical characteristics and granulometric analysis were determined according to the methods described in EMBRAPA (1997) ; and very clay texture.
Treatments and Experimental Design
The experiment was set in a randomized complete block design, arranged in a 2 × 5 factorial scheme, with two N sources (ammonium sulphate and ammonium nitrate) and five N doses (0; 75; 150; 300 and 600 kg ha -1 ), with four replicates.
Plant Material and Experimental Procedures
The 'Taisho' hybrid (ginoic and parthenocarpic) of Japanese cucumber was grown in a chapel type greenhouse, (dimensions: width of 10 m, length of 12m and ridge height 2.5m), with retractable side curtains, and covered with 150μm crystal clear polyethylene film treated for ultraviolet radiation, in masonry seedbeds filled with soil.
During the experimental period, the average values of the maximum and minimum temperature and relative humidity inside of the greenhouse were: 33.1 °C, 17.1 °C and 65.5%, respectively, values within the range suitable for cucumber cultivation (Fontes & Puiatti, 2005) .
The seedlings were produced in expanded polystyrene trays with 128 cells. A commercial substrate (Plantmax ® ) was used for sowing, with two seeds being placed in each cell. Seedlings were thinned 3 days after emergence, leaving only one plant per cell. The sowing was performed on 09/03/2010 and the seedlings transplanted to the place of cultivation on 09/21/2010, when they presented two definitive leaves.
Liming and fertilization with P, K and micronutrients was carried out based on the soil analysis, according to the recommendations suggested for cucumber cultivation in the Minas Gerais State, Brazil (Ribeiro et al., 1999) . The liming consisted of the application of 4.8 t ha -1 of dolomitic limestone, performed 60 days before seedlings transplanting. Fertilization consisted of the application of 1,500 kg ha -1 of single superphosphate, 200 kg ha -1 of potassium chloride, 15 kg ha -1 of zinc sulphate, 10 kg ha -1 of borax, 10 kg ha -1 of copper sulphate and 0.5 kg ha -1 of ammonium molybdate. N fertilization was performed according to the studied treatments. Base fertilization (100% of micronutrients and P, 30% of N and 40% of K) were applied at 10 days before seedlings transplanting. Coverage fertilizations (70% of N and 60% of K) were applied in two equal splits at 15 days and 40 days after seedlings transplantation (Fontes & Puiatti, 2005) .
The Japanese cucumber was grown at 1.0 × 0.30 m spacing. The experimental plot consisted of 12 plants, arranged in 2 rows with 6 plants. The working area of the plot consisted of 8 plants (4 central plants in each row). The plants were vertically string tutured and maintained with a single stem. It was performed thinning of the lateral branches during cultivation and the apical meristem of the plants was removed when they reached 1.8 m height. During the experiment drip irrigation was performed to maintain soil moisture near field capacity. Phytosanitary control of pest and disease was carried out through the application of registered pesticides for cucumber cultivation, following the guidelines of the products regarding recommended dosages and application intervals.
Harvest and Evaluated Characteristics
The harvest was carried out from November 4 to December 4, 2010. Harvest period was reduced by the high incidence of Leandria momordicae in the Japanese cucumber plants during the experiment, especially during the period of fruit production. Although frequent applications with pesticides for the control of this disease were carried out, they showed low control efficiency, and this disease contributed to the reduction of the cultural cycle of Japanese cucumber (anticipation of plants senescence).
Fruits were harvested daily at the immature stage when presented commercial characteristics. The number of fruit per plant was obtained by counting all the harvested fruits divided by the number of plants in each treatment. The average fruit mass corresponded to the total fruits production divided by the number of fruits harvested in each treatment. It was also determined the total fruits production per plot in each treatment, being estimated the fruits yield of Japanese cucumber (kg ha -1
).
The maximum economic efficiency N doses were calculated according to the method described by Raij (2011) . Equating the first derivate of the regression equation for fruits yield of Japanese cucumber (a1 + 2a2x) to the equivalence relationship "price of kg of N (c)/price of kg of fruits (v)", the relation obtained [x' = a1 -(c/v)/ 2(-a2)] was used to calculate the maximum economic efficiency N dose. To determine the maximum economic efficiency N doses for two N sources used were considered the prices practiced in Minas Gerais State in 2010, that were R$ 3.00/kg N and R$ 7.80/kg N for the ammonium sulfate and ammonium nitrate, respectively (CONAB, 2011) and R$ 0.75/kg of cucumber fruits (CEASA-MG, 2011), resulting in equivalence relationship (c/v) equals 4.0 and 10.4 for ammonium sulfate and ammonium nitrate, respectively.
The nitrate (NO 3 -) concentrations on Japanese cucumber fruits were determined using the salicylic acid method (Cataldo et al., 1975) . Samples of fruits harvested at the productive peak were used. The fruits were collected, washed with tap water and deionized water, cut into in cubes and dried in a forced-air oven (75 °C) until constant weight. Subsequently, dried fruit samples were ground in a Wiley type mill and sieved in a 20-mesh screen. After extraction with water in a water bath at 45 °C for one hour, the NO 3 -concentrations were determined by colorimetry in a spectrophotometer at 410 nm. jas.ccsenet.
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The estim (Figure 2 Vol. 10, No. 10; 2018 In the literature, fruits yield of Japanese cucumber in greenhouse above 100 t ha -1 have been reported (Fontes & Puiatti, 2005; Filgueira, 2008) , which is higher than that obtained in the present study. This fact is related with the high incidence of Leandria momordicae in the Japanese cucumber plants during the experiment, especially during the period of fruit production (due to the low control efficiency of the pesticides used). This disease which contributed to the reduction of the cultural cycle of Japanese cucumber and its fruits yield, because fruits yield of cucumber has been proportional to the duration of cultural cycle (Fontes & Puiatti, 2005) .
Currently, sustainability is the great challenge for agricultural production, and optimization of the factors of production is of fundamental importance to achieve sustainable production, especially in regard to the use of fertilizers. Thus, it is important to determine the maximum economic efficiency N doses for the two N sources used in the present study.
The maximum economic efficiency N dose for the fruits yield of Japanese cucumber using ammonium sulfate as N source was 398 kg ha -1 , with fruits yield of 76.4 t ha -1 (increase of 136% in relation to the lowest N dose used). Using ammonium nitrate as N source, the maximum economic efficiency N dose for the fruits yield of Japanese cucumber was 386 kg ha -1 , with fruits yield of 76.3 kg ha -1 (increase of 135% in relation to the lowest N dose used). The maximum economic efficiency N doses for the two N sources used were near to that responsible for the maximum fruits yield of Japanese cucumber (98 and 95%, using as source ammonium sulfate and ammonium nitrate, respectively), indicating that the Japanese cucumber presents a high economic response to N fertilization.
Nitrate (NO 3 -) Accumulation in Fruits
NO 3 -content on Japanese cucumber fruits as a function of the N sources and doses used was not verified, suggesting that this crop (or cultivar) presents low tendency to NO 3 -accumulation in fruits, even in the presence of high N supply. Although it is related in the literature that the increasing in N supply is a determinant factor to NO 3 -accumulation in plants (Pôrto et al., 2008 (Pôrto et al., , 2012a (Pôrto et al., , 2012b (Pôrto et al., , 2014b , other factors also influence this accumulation. Ohse et al. (2012) reported that the NO 3 -accumulation capacity in plants is of genetic character, being verified difference in the NO 3 -accumulation between the different plant species, between cultivars of the same species and even between different plant organs (Santamaria, 2006) . Other studies shown that leafy vegetables have a high tendency to NO 3 -accumulation (Santamaria, 2006; Takahashi et al., 2007; Pôrto et al., 2008 Pôrto et al., , 2012a while flower and fruit vegetables generally show lower NO 3 -accumulation (Silva et al., 2017) .
The results of this study are in agreement with those obtained by Silva et al. (2017) , which also observed a low NO 3 -accumulation in cucumber fruits (0.193 mg kg -1 of fresh mass) submitted to different N fertilizer sources (ammonium sulfate (100% ammonium), ammonium nitrate (50% ammonium and 50% nitrate), sodium nitrate (100% nitrate) and urea (100% amide)). The results of this study are also in agreement with the one observed for other cucurbits, such as zucchini and of hybrid winter squash ('Tetsukabuto' type), where it has also been verified a low tendency to NO 3 -accumulation in fruits, even submitted to high N supply with the use of different N sources (Porto et al., 2012b (Porto et al., , 2014b ).
The NO 3 -accumulation in plants occurs when there is an imbalance between uptake and assimilation of this ion by plants (Pôrto et al., 2012a (Pôrto et al., , 2012b (Pôrto et al., , 2014b . After uptake by the roots, NO 3 -must be reduced to NH 4 + to be assimilated by plants and form the various nitrogen compounds (amino acids, proteins and others). This reduction NO 3 -in NH 4 + occurs in two steps, catalyzed by the enzymes Nitrate Reductase and Nitrite Reductase (Braun et al., 2013) . The reduction of NO 3 -in NH 4 + is regulated by plant and may occur completely in the roots or completely in the leaves or both. The site and/or reduction ratio is dependent on plant specie. However, NO 3 -is very tolerated by plants, and when uptaked in an amount exceeding the reduction capacity, this can be accumulated (stored) in the vacuole without causing plant toxicity (Silva et al., 2017) . NH 4 + , resulting from the reduction of NO 3 -or when absorbed by the plant in this form, is incorporated into amino acids by the action of enzymes GS-GOGAT (Glutamine Synthase and Glutamine Oxoglutarate Amide Transferase, respectively). What makes a determined plant specie to uptake high or low amount of N in NH 4 + form is its assimilatory capacity (ability to incorporate NH 4 + into amino acids). If this assimilatory capacity is exceeded, NH 4 + promote the decoupling of the electron transport chain from the membranes of chloroplast (in leaves) and/or mitochondria, manifested by toxicity (Silva et al., 2017) .
Low NO 3 -accumulation observed in cucumber fruits led to Silva et al. (2017) infer that the cucumber has great regulatory capacity in relation to the amount of N uptaken in the ammoniacal form or in the reduction of NO 3 -to NH 4 + when supplied in nitric form. Theses authors also affirmed that if nitrate is to be accumulated in cucumber plants, this accumulation occurs in other tissues, except in the fruits.
The United Nations Food and Agriculture Organization (FAO) and the World Health Organization (WHO) established the acceptable daily intake limit of NO 3 -by humans of 3.7 mg kg -1 of body mass (WHO, 1995) . As there was no NO 3 -content in the Japanese cucumber fruits using N sources and doses in greenhouse, this crop (or cultivar) presents low risk to human health.
Conclusions
The N sources used (ammonium sulfate and ammonium nitrate) showed similar agronomic efficiency for the Japanese cucumber cultivation in greenhouse, being ammonium sulphate more indicated because it presents better cost-benefit.
The maximum economic efficiency N doses for fruits yield of Japanese cucumber in greenhouse were 398 kg ha -1 and 386 kg ha -1
, resulting in fruits yield of 76.38 t ha -1 and 76.29 t ha -1 for ammonium sulfate and ammonium nitrate, respectively. Japanese cucumber ('Taisho' hybrid) presents low tendency to NO 3 -accumulation in fruits, even submitted to high N supply with the use of different N sources, presents low risk to human health.
